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CHRONICITY
IN STRONGYLOIDES
STERCORALIS INFECTIONS:
DICHOTOMY
OF THE
PROTECTIVE
IMMUNE RESPONSE TO INFECTIVE AND AUTOINFECTIVE

LARVAE IN A MOUSE MODEL
RICHARD A. BRIGANDI, HARRIS L. ROTMAN, THOMAS J. NOLAN, GERHARD A. SCHAD, ANDDAVID ABRAHAM
Department of Microbiology and Immunology, Kimmel Cancer Center, Thomas Jefferson University, Philadelphia, Pennsylvania;
Department

Abstract.

of Pathobiolagy,

Strongyloidiasis

University

of Pennsylvania,

is an intestinal

School

of Veterinary

Medicine,

disease that can last for decades

Philadelphia,

Pennsylvania

due to the occurrence

of autoinfective

larvae (L3a) in an infected person, which contribute to the maintenance of the population of adult worms in the
intestine.

The goal of the present study was to determine

if L3a are susceptible

to the protective

immunity

that targets

the infective stage of the worm, the third-stage larvae (L3). Mice immunized and challenged with Strongyboides
stercoralis L3 kill more than 90% of challenge larvae contained within diffusion chambers. The L3 do not remain
antigenically static in mice, however, but undergo some degree of antigenic change before they are killed, becoming

host-activated larvae (L3+). The L3/L3+ are killed in this model system by the combined effects of both parasite
specific 1gM and eosinophils. Mice immunized with L3 were able to kill L3/L3+, but did not kill L3a, in challenge
infections. Eosinophils were, however, present in diffusion chambers containing L3a, and 1gM bound to the surface

of L3a. We hypothesized that differential 1gM recognition of soluble L3a, L3, and L3+ antigens is the reason why
the immune response generated against L3 could not kill L3a. Many common antigens on L3, L3+, and L3a were
recognized by serum from mice immunized with L3, as determined by immunoblotting.
However, several unique L3,
L3+, and L3a antigens were also recognized by immune serum, thus indicating that antigen recognition with 1gM
antibodies is different between the L3, L3+, and L3a stages. This difference in antigen recognition could explain
why L3a are able to evade the immune response that targets L31L3+ in chronically infected hosts.
Strongyboides

stercoralis

has two morphologically

died off.19 In endemic areas, where people are continually

distinct

infected

filariform third-stage larvae in its life cycle: the infective
third-stage larvae (L3) responsible
for initiating infection

and autoinfective larvae (L3a), which cause chronic infec
tion in the host by periodically developing into new adult
I

In

iminunosuppressed

individuals,

ically increase
in number
throughout the host, causing

L3a

can

dogs,'4

and experimentally

ments of individuals

whether an inability to kill autoinfective larvae is associated
with a diminution

in this system

in one or more essential

immune

com

ponents. Differences found in the immune response directed
against L3 and L3a could explain

the S. stercoralis life cycle.7 I Ii@@@u@.nity
to S. stercoralis L3
in mice has been found to be dependent on eosinophils, 1gM,
and
10,11 If any one of these immune compo
nents is absent, then protective immunity is ablated. Isolated
can be studied

pro

This report considers whether immunity to S. stercoralis L3
will protect against L3a. Antibody binding to larvae and cell
types present in immunized mice were analyzed to determine

syndrome have

been conducted with variable success;2 6 studies attempting
to generate immunity to the L3a that cause hyperinfective
disease have not been reported.
Mice infected with S. stercoralis have allowed a rigorous
examination of the immune response to different stages of

stages of S. stercorabis

sources,

mune response, thus preventing superinfection, while autoin
fective larvae maintaining chronic infection would survive.

in jirds.5 Drug treat

with hyperinfection

from environmental

the host. This would benefit the host-parasite
relationship,
since incoming infective larvae would be killed by the im

dramat

and sometimes
disseminate
fatal hyperinfection
or dissem

inated infection.2 The L3a stage naturally occurs in humans,
monkeys,3

with the parasite

tective immunity to the L31L3+ will develop; L3a may be
able to resist the effects of immunity directed at infective
larvae and would thus be capable of continually reinfecting

L3a survival

in mice im

munized against infective larvae.
MATERIALS

since

Experimental

AND

METHODS

animals and parasites.

All mice used in

any one stage can be placed in diffusion chambers after de
velopment in a permissive host or in vitro. Analysis of dif

these

fusion chamber

age at the beginning of each experiment.
The mice were
maintained in micro-isolator boxes (Lab Products Inc., May
wood, NJ). Jirds were obtained from Thmblebrook
Farms
(West Brookfield, MA).

contents

can then determine

were

male

BALB/cByJ

mice

obtained

from Jackson Laboratories (Bar Harbor, ME), 6-9 weeks of

which immune

components are present in the microenvironment

experiments

of the par

asite.

Mice and jirds immunized and challenged with L3 mount
an immune response that kills the majority of challenge lar
vae within 48 hr.8 12Studies with the related species S. ratti
and S. venezuebensis in rats@6 and in mic&7' 18indicate that
L3 undergo antigenic change, becoming L3+, within hours

Strongyboides

stercoralis

L3 were

obtained

from

the fresh

stools of a laboratory dog infected with the parasite accord
ing to methods previously described.20 Larvae were collected

and washed by centrifugation and resuspension in sterile 1:

after they have entered these hosts. Though L31L3+ are
killed rapidly in immUnized animal hosts, strongyloidiasis

1 National

Cancer

Institute

tissue culture

Iscove's modified Dulbecco's

can last for decades in humans. It has been hypothesized
that automfective larvae are sporadically produced and de
velop into new adults to replace worms that have presumably

medium-135

and

medium (NI medium) with

100 U/mi of penicillin, 0.1 mg/mi of streptomycin,
and 0.1
mg/mi of gentamicin (antibiotics)
(Sigma Chemical Com

pany, St. Louis, MO).
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The L3+ were generated by giving naive mice a subcu
taneous dose of 5,000 L3 prepared

as above. After 24 hr. the

mice were anesthetized with methoxyflurane
(Pitman
Moore, Inc., Mundelein, IL) and killed by cervical disloca
tion. The skin and muscle tissue were minced, placed in
phosphate-buffered saline (PBS) at 37Â°C,and the larvae
were allowed

to migrate

out and then collected.

The L3a were obtained from jirds immunosuppressed

with

methylprednisolone
acetate (MPA).5 Jirds were given MPA
at a dose of 33 mg/kg of body weight followed three days
later by a repeat injection in conjunction with an injection

of 10,000 live L3; MPA injections were given weekly there
after. Before the jirds succumbed

proximately

to the hyperinfection,

ap

18 days postinfection, they were killed and the

lungs were removed, chopped, and placed in a buffered sa
line solution21 at 37Â°Cto allow the L3a to migrate out. The

larvae were kept at 37Â°Cand placed into a low gelling tem
perature

agar mixture

with a final concentration

of 1% agar.

After solidification and while still at 37Â°C,the L3a were

wells in a 96-well, round-bottomed ELISA plate. Rat anti
mouse 1gM antibodies (Sigma Chemical Company) were di
luted 1:20 in PBS, and 50 p.1/well of these solutions were
allowed to stand with the worms for 1 hr at 37Â°C.The worms

were washed four times in PBS to remove excess antibody,
and once in a 1% formalin-PBS solution. Worms were
placed on slides, and fluorescence was analyzed using fluo
rescent microscopy.
Western blots. Antibodies for Western blotting were ob
tamed from the following sources: goat anti-mouse IgGi,
goat anti-mouse IgG2a, goat anti-mouse IgG2b, goat anti

mouse IgG3, goat anti-mouse IgA alkaline phosphatase con
jugate, goat anti-mouse 1gM, and rabbit anti-goat IgG (heavy
plus light chain)

biotin

conjugate

(Sigma

Chemical

Com

pany); goat anti-mouse IgE (ICN Biomedicals, Costa Mesa,
CA). All were used at a concentration of 10 p.g/ml except
for anti-IgG3 and anti-IgM, which were used at 5 and 2.5
@sg/ml,respectively. ExtrAvidinÂ®alkaline phosphatase (Sig
ma Chemical Company) was used at a dilution of 1:400.

allowed to migrate out, collected into warm NI medium with
antibiotics, and cleaned by centrifugation
as above.
Immunization
and challenge
infection protocol. Mice
were immunized with live S. stercoralis L3 as described pre

came from mice challenged

viously.8 Mice were given two doses of 5,000 live L3 two

chambers. No differences were seen in the results obtained

weeks apart followed

jird-derived
booster

by a challenge

of either 50 live L3 or

L3a in diffusion chambers one week after the

immunization.

Diffusion

chamber

construction

and

mouse challenge infections followed previously published

Serum used in the Western blots were of three types: nor
mal, control, or immune. Normal serum was obtained from

mice that had no contact with the parasite, and control serum
for 24 hr with 50 L3 in diffusion

with these two serum sources in the Western blots; they were

therefore

used interchangeably.

Serum from immunized

mice that successfully eliminated challenge infections was
defined as immune serum. Sera were pooled according to

methods.8 Briefly, 14-mm Lucite (Millipore, Bedford, MA)
rings were covered with 2.0-p@m pore-sized Isopore mem
branes (Millipore). The rings were held together with a 1:1

group, sterilized through a 0.2-pin filter, and stored frozen
at â€”80Â°C
until used.

mix of 1,2-dichloroethane (Sigma Chemical Company) and
acryloid resin (Rohm and Hans Co., Philadelphia, PA). The
2.0-p@mmembranes were attached to the ring with cyano
acrylate adhesive (Super Glue Corporation, Hollis, NY). The

double-distilled water were brought to a volume of 500 p.1
using sodium dodecyl sulfate (SDS) sample buffer (2%
[w/v] SDS, 4% [v/v] @-mercaptoethanol [Sigma Chemical
Company]), 50 mM Ths-Cl, pH 8.0, (Bio-Rad Corporation,

completed

diffusion

chambers

were sterilized

in 100% eth

ylene oxide.
Immunized

and naive mice were anesthetized

with doses

of 0. 1 mi/lO g of body weight of a 10% solution of a ke
tamine
hydrochloride
(Park-Advise,
Morris
Plains,
NJ)/acepromazine
maleate (Aveco, Fort Dodge, IA) mixture.

Chambers were implanted in a subcutaneous pocket created
on the lower back/flank of these mice. After 24 hr. the mice
were anesthetized with methoxyflurane, killed by cervical
dislocation, and exsanguinated. Chambers were removed
from the mice and the contents were assessed for larval vi
ability and cellular infiltration. Cells from the chambers were
centrifuged onto slides using a Cytospin 3 (Shandon Inc.,
Pittsburgh, PA), and then stained with Diff-QuikÂ® (Baxter
Healthcare Corp., Miami, FL) for differential cell analyses.

Cell analyses were also made on blood smears obtained from
the blood of the exsanguinated
mice.
Surface staining.
Fifty microliters

of undiluted

pooled

mouse serum was placed with 100â€”400live S. stercoralis
L3 or L3a at 37Â°Cfor 2 hr. Pooled mouse serum was oh
tamed from 5â€”7individual

mice. One aliquot of worms was

placed in serum from mice that had been immunized, and
the other was placed in serum from control mice. Serum
from naive mice challenged for 24 hr with 50 L3 in diffusion
chambers was defined as control serum. The worms were
then washed five times in PBS, and were placed in individual

Aliquots

Hercules,

of approximately

CA),

10,000 L3 or L3+ in 10 @tlof

and 5% (v/v)

glycerol

(Sigma

Chemical

Company). Aliquots of 300â€”800L3a in 5 p.1of double-dis
tilled water were brought to a concentration of 100 L3a/5 p.1
of SDS sample buffer. The samples were boiled for 10 miii
before use for SDS-polyacrylamide
gel electrophoresis
(SDS-PAGE).
The protein samples and protein standards (Bio-Rad Cor
poration) were separated in one dimension by SDS-PAGE
using 12% polyacrylamide 0.75-mm slab gels with a 4%
polyacrylamide stacking gel in a Mini-Protean II apparatus
(Bio-Rad Corporation).@ Samples were prepared as de
scribed above and loaded on the gel with standards in sep
arate wells. All electrophoresis
was done at 25 mA constant
current and was stopped when the dye front reached the end

of the gel (approximately 1 hr). Relative molecular weights
(M1) were determined for the protein sample as described by
Shapiro and others.23
Proteins

from SDS-polyacrylamide

gels were transferred

to nitrocellulose (0.45 p.; Bio-Rad Corporation) by the meth
od of Towbin and others.24 Gels were equilibrated 25 mm in
transfer buffer (25 mM Ths, 200 mM glycine [Bio-Rad Cor
poration], 20% [v/v] methanol [Fisher Scientific, Pittsburgh,
PA]) and transferred at 100 V constant voltage in a Trans
blot apparatus (Bio-Rad Corporation) for 1 hr and 20 mm.
After transfer, the membranes were washed in PBS. Coom
assie staining

was done by placing

the membranes

in stain

@

-@
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TABLE

1

oped with nitroblue tetrazolium cffloride/5-bromo-4-chloro

Effect of infective third stage larvae (L3) immunization on the sur
vival of an in vivo derived autoinfective third stage larvae (L3a)
challenge infection contained within diffusion chambers
of
challenge
larvaePercent

Mouse
treatmentType
SD)NoneL381

larval
survival
(mean S SD)Eosinophil

counts
(mean Â±

performed

Â±42.0
Â±3t32.5

Â±

22.8tNoneL3a34
2.8ImmunizedL3a32

Â±113.0

Â±
Â± l6.3t

2.2ImmunizedL34

Â±

Â±1021.8
a Given as eosinophils

3-indolylphosphate-p-toluidine

salt (Gibco-BRL,

Gaithers

burg, MD) in carbonate buffer (100 mM NaHCO3; if Baker,
Phillipsburg, NJ), 1.0 mM MgCl2 (Fisher Scientific), pH 9.8,
following the kit instructions.
Statistical analysis. Statistical analysis of the data was
using multivariate

general linear hypothesis

mul

tifactorial analysis of variance with Systat version 5.2 soft
ware (Systat, Inc., Evanston, IL). Probability values less than
0.05 were considered

significant.

X 10'/mI.

t P < 0.05.

RESULTS
(1 % [w/v] Coomassie Brilliant Blue R-250, 0. 1% [v/v] gla
cial acetic acid, 9% [v/v] methanol [Fisher Scientific]) for 1

miii and washing in 50% [v/v] methanol for 5â€”10mm.
Western blot analysis was done using a modification of a
cross-linking
protocol.25 Immune detection was done using
biotin-conjugated
anti-mouse
isotype antibodies and Extr

Avidin alkaline phosphatase. The nitrocellulose was cut into
strips and unused protein binding

sites were blocked

with a

Naive mice or mice immunized

with two doses of 5,000

live L3 were challenged with either 50 L3 or L3a in diffu
sion chambers. Table 1 shows the results from such an cx
periment, and is representative
of four separate experiments.
While L3 were killed in immunized mice, there were no
differences between L3a survival in naive and immune mice,
indicating
that immunization
with L3 does not protect
against L3a at the time points tested. Eosinophils have been
shown to be the only cells that increase in number in the

solution of 5% (w/v) Carnation brand nonfat dry milk (Nes
tle Food Company, Glendale, CA), 2% (wlv) Ficoll-400, 2%
(w/v) polyvinylpyrrolidone
(Sigma Chemical Company),
and 50 mM Ths-C1, pH 8.0 (Bio-Rad Corporation). The

against L3,8 and are essential in kiffing of larvae in immu
nized mice.'Â° In this study, eosinophils
increased signifi

strips were then incubated

cantly in the diffusion chambers in immune animals chal

with serum diluted in PBS for 18

hr at 4Â°C;serum was diluted 1:200 for all antibody isotypes
except for IgE, for which it was diluted 1:40. The blots were
then washed once in cold PBS and placed in 0.25% (vlv)
glutaraldehyde
(Sigma Chemical Company) to cross-link the
primary antibody (from serum) with its ligand. After another

microenvironment

of challenge larvae in mice immunized

lenged with L3 or L3a (Table 1). Parasite-specific
1gM has
also been found to be essential in the immune-mediated
kill
ing of L3.â€• The 1gM from undiluted immunized mouse se
rum bound strongly to surface antigens of L3 and L3a, with

no differences in binding seen between the two types of

PBS wash, the blots were placed in 2% (w/v) nonfat dry

worms. The 1gM from undiluted

milk in PBS to quench any remaining active glutaraldehyde
sites and prevent their reacting with the secondary and ter

to either worm's surface antigens.
A comparison of L3, L3+, and L3a soluble antigen rec
ognition by antibody isotypes in serum from mice immu

tiary antibodies. Blots were then washed several times in
PBS then in 50 mM Tris-Cl, 150 mM NaC1 (Fisher Scien

nized against

control serum did not bind

L3 was performed.

Antigens

from L3, L3+,

tific), pH 7.5 (TBS) and incubated with the secondary anti
body (goat anti-mouse isotype) in 5% (w/v) nonfat dry milk

and L3a were separated by SDS-PAGE on 12% polyacryl

in TBS at room temperature. The blots were then washed in
TBS several times and incubated with a tertiary antibody
(anti-goat biotin conjugate) in 5% (wlv) nonfat dry milk in

sera. The 1gM from immune serum recognized L3 and L3+
antigens, with a band of 35 U) seen in both preparations.
Additionally, specific bands of 30â€”64U) were recognized
in L3 preparations and specific bands of 42.5â€”76.5kD were

TBS at room temperature.

incubated
again,

with ExtrAvidin

then developed.

The blots were washed

in TBS,

alkaline phosphatase,

washed

Immunoreactive

@

bands

1gM
kD
2oa@x@

were devel

amide gels and immunoblotted

seen in L3+

preparations

using isotype-specific

(Figures

anti

1 and 2, and Table 2).

The IgGl also recognized a range of antigens in both L3

IgGI 1IgG2a1IgC2b1 IgG3

IgA

IgE

Cil!C1I!Cil!C.l!C1l!C11!C11Â¶@1@-1@,@r

116.250
97.400
NLZJO
45.000

31.000 â€”

21.500 â€”
14.4(M)â€”

FIGURE 1.

Western

blot of infective

third-stage

larvae (L3) proteins

using pooled control

(C) or immune

(I) mouse serum. Isotype-specific

L3 antigen recognition was determined using 1gM, IgG1, IgG2a, IgG2b, IgG3, IgA, or IgE specific antiserum.

CHRONICITY

@

1gM

IN S. STERCORAUS
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IgGI 1IgC2a1IgG2b1 IgG3

IgA

IgE

c,i!c11!c,i!c.i!c1i!c1j!c1i

kD
200txm â€”

116.250â€”
97.400
66200 â€”
45.000 â€”

31.000 â€”

21.500 â€”
14.400 â€”
FIGURE 2.

specific

Western

L3+

antigen

blot

of host-activated

recognition

third-stage

was determined

larvae

(L3+)

using 1gM, IgGl,

and L3+ preparations (Figures 1 and 2). Several bands with
the same M@were common to both L3 and L3 + . However,
two bands of 24.4 and 22.2 kD were unique to the L3+,
indicating that IgG1 antibodies may react with L3+ antigens
that are either not found on the original inoculating infective
larvae or are post-translationally
modified, changing the ap

proteins

IgG2a,

using

IgG2b,

pooled

control

(Figures

1 and 2, and Table

2). The

IgG2a,

any L3 or L3+ antigen

(Figures

1 and 2).

The L3a antigens were also immunoblotted using isotype
specific

antisera.

Figure 3 shows the results of the Western

blots. The IgG1 from serum from immunized mice recog
nized many bands (Figure 3 and Table 2). Most of the bands
recognized

by IgG1 had an M@that corresponded

to bands

in L3 and L3+ antigen preparations. However, two bands of
T@at.n 2
Recognition
of Strongyboides
(L3), host-activated
third

stercoralis
infective third stage larvae
stage larvae (L3@), and autoinfective

third stage larvae (L3a) proteins by serum from mice protectively
@

immune

to L3 challenge

using IgG1 and 1gM antiserum

Prote
molecular weights (kD)
1gML3L3@
dein
tected by immune IgGlProtein

weigh

demolecular
tected by immunets

L3aL3L3@L3a69696464

646476.5616161.5604555

(kD)

serum.

Isotype

kD, appeared to be shared by only the host-dwelling stages,
the L3+ and L3a. No L3a antigens were specifically detected
by immune 1gM, IgG2a, IgG2b, IgG3, IgA, or IgE.
DISCUSSION

IgG2b,

IgG3, IgA, and IgE from immune serum did not specifically
recognize

(I) mouse

antiserum.

55 and 33 kD were unique to the L3a. Several bands rec
ognized by IgGi, having M@values between 18 and 42.5

parent molecular weight without changing the epitope rec
ognized

(C) or immune

IgG3, IgA, or IgE-specific

The intestinal nematode S. stercoralis produces a wide
range of clinical illness in humans. Individuals harboring
only small numbers of gastrointestinal worms are often
asymptomatic.

The

chronic

nature

of strongyloidiasis

is

thought to be due to autoinfection, in which female worms
sporadically

produce larvae that develop to infectivity

during

intestinal transit, resulting in periodic autoreunfection of the
host. Hyperinfection occurs when host regulation of the de
velopment and survival of the L3a is lost, leading to a dra
matic increase in L3a numbers, and potential dissemination
of these larvae throughout all of the major organ systems of
the host. The L3a stage is only found in S. stercoralis in
fections, and therefore has only been studied in humans,2
monkeys,3 dogs,1 and jirds.5 The related species S. ratti and

S. venezuelensis, which can infect the mouse, do not have
an autoinfective ta627
Thus, L3a have been difficult to
study in an immunologically well-defined system.
In this study, we determined that mice immunized with
L3 could not kill L3a implanted in diffusion chambers, al
though

challenge

L3 were killed;

similar

results

were oh

tamed in four separate experiments. The difference observed
55
45

45

42.53838363635.535.5
42.5
42.557.5

34.2
3335

31.531.5
313030

30

@

handling

procedures

of the L3a prior to implantation.

The

L3a is a stage solely relegated to an in vivo environment.
The several hours of processing outside the host milieu ap

pear to effect the L3a general survival. However, once inside

35.534.2
34.231.531.5

between the L3 and L3a controls are due to the harvest and

29.5

29.5

25.5

25.5

24.4
22.2

20.2

20.2

18

1830

the experimental animal, they survive equally well whether
or not the animal was immunized with L3. The L3a also
survive significantly better than the L3 in mice immunized
with L3. Several components of immunity were analyzed to
determine the cause for L3a survival in immunized mice.
Previous experiments
showed that eosinophils,
1gM, and

complement were necessary for killing L3 challenge infec
tions. 10.11
were the only cells that increased in
number in diffusion chambers containing
L3a (Table 1).
Their numbers were equivalent to those recovered from dii
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@

1gM IgGI 1IgG2a1IgG2b1 gG1 IgA

@

@,i

C i I .C i I ! c

kD
200.000 â€”
116.250

97.400

66.200 â€”

@

IgE

i ! C i I !C i I !c . 1 !c

I

45.000â€”

:@

!@

r

14.400 â€”
FIGURE

3.

Western

blot

of

autoinfective

third-stage

larvae

(L3a)

proteins

using

pooled

control

(C)

or

immune

(I)

mouse

serum.

Isotype

specific L3a antigen recognition was determined using IgM, IgG1, IgG2a, IgG2b, IgG3, IgA, or IgE-specific antiserum.

fusion chambers

containing

infective

L3. Furthermore,

im

great significance. General inflammatory

reactions are not

mune 1gM bound to the surface of L3a and there were no

responsible

discernible differences seen between 1gM binding to the sur
faces of L3 and L3a. One reason for the resistance of L3a

were not immunized with L3 did not have a high number of
eosinophils present in their implanted diffusion chambers.
Elevated levels of eosinopbils adds further evidence that a
Th2 response has been activated in the immuniZed mice.32

to immune-mediated mechanisms that kill L3 might be a
lack of complement fixation. It is possible that the surface
of L3a does not allow C3 fixation or perhaps it readily sheds
attached complement. Other parasites, including Schistoso

for this increase

in eosinophils,

since mice that

When eosinophil levels are reduced in S. stercoralis-immu
nized mice, immunity to L3 is also diminished.'0 The fact

ma mansoni and Trypanosoma cruzi,28@Â°have immune eva
sion mechanisms
involving interference
with the comple

that eosinophils are present in the microenvironment of L3a,
yet L3a are not killed, is further indication that a missing

ment pathway.

immune
killing.

Another

explanation

for the lack of L3a killing would be

the absence of specific antigen recognition by immune 1gM
as seen on the Western blots, although

immune

1gM appears

to bind equally to L3 and L3a larval surfaces. Equal surface
staining may be due to recognition of common polysaccha
rides or proteoglycans
not seen by Western blotting. Alter

natively, a protective surface antigen not shared by L3 and
L3a may be present but undetectable by surface staining due
to the overwhelming intensity of common polysaccharide or
proteoglycan recognition. Finally, a protective somatic an
tigen might not be shared between the L3 and L3a, and the
binding of immune 1gM to the larval surface could be irrel
evant. This would seem to be the case in this study since
1gM from immune serum did not recognize any L3a pro
teins.

In contrast,

many

antigens

were recognized

by im

mune 1gM in both L3 and L3+ preparations. It is reasonable
to conclude that these differences in antigen recognition be
tween larvae, especially the relative lack of total antigen
recognition in L3a preparations, could be responsible for the

component

may be responsible

for the lack of L3a

The L3 change antigenically once within the mouse host,
and antibodies from immune mouse serum react differently
to L3+ antigens than to L3 antigens (Table 2). The differ
ence in antigen recognition may be due to the recognition
of previously unexpressed proteins. Alternatively, the differ
ence may be due to glycosylation of existing proteins that
changes the relative mobility on the SDS-PAGE while the
epitope recognized remains unchanged. Finally, the differ
ence in recognition may also be a combination of these two
possibilities.
Work in this system with S. stercorabis and

work in the rat with S. venezuelensis indicates that temper
attire shift may play an important

role in signaling

devel

opment into the L3+ stage.'8 The antigens found to be L3+
specific in S. venezuelensis tend to be of lower molecular
weight, which is consistent with what was found in this
study. ,g Whether these bands represent the expression of new

antigens that are immunoprotective
remains

to be determined.

or just immunodominant

Strongyboides

stercoralis

L3+

resistance of L3a to L3 killing mechanisms. The IgGl from
immune serum recognizes many more protein bands than

have been shown, however, to be susceptible to killing by

1gM in Western blots in this study. l'his is not surprising,

molecules.'Â° This indicates that L3 must undergo some de

since IgGl

gree of antigenic change before they can be killed by the
host immune system. Since L3a are also host-adapted larvae,

is elevated

in serum from mice immunized

with

S. stercoralis larvae as measured by parasite-specific ELI
SA.8 Although IgG1 antibody levels are elevated, IgGi is
not essential for protective immunity to S. stercorabis L3.â€•
High levels of IgGi indicate that T helper cell 2 (Th2)â€”type
responses have been generated in the immunized mice.3'

The findings that eosinophils increase in number in mice
immunized

with L3, and that there is an influx of eosinophils

in diffusion chambers containing both L3 and L3a, are of

eosinophil

granule

products,

while L3 are resistant

to these

it is likely that they are expressing antigens that block a
protective immune response that would kill L3+, or they
have lost antigens that would cause them to become suscep
tible to immune-mediated killing.
Chronicity

of S. stercoralis

infection

may be due to the

production of L3a maintaining the adult worm population
over time. The results of this study demonstrate that while
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exposure of the host to infective larvae results in high levels
of protective immunity to challenge L31L3+, autoinfective
larvae are unaffected by this immunity. Dissociation of im
munity between stages has been seen with L3 and adult S.
ratti infections in the rat and
633 â€˜fli1j@
would explain

why L3a in human hosts are not killed by the immune sys
tem, and would enable the infection to exist for decades.
Incoming infective larvae would be targeted by the immune
response, however, and this protection would thus prevent

superinfection
immune

with the parasite. By manipulating the host

system in this way, S. stercoralis

thus enables itself

to survive for the lifetime of its host, while preventing high
levels of infection

which may be deleterious

to the host.
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